In this study, we present a model for the implementation of agro-energy chains based on the actual availability of forest biomass and the real demand for energy (heat) in the area of the Basilicata region, Italy. The demand for energy has been estimated by drawing on the database of the Ministry of Economic Development or by calculating the Annual Energy Requirement (AER) index, while for the estimate of the available forest biomass, reference was made to the public forest lands managed according to forestry management plans. The collected data were cross-checked with a view to detecting the technical and economic feasibility of district heating systems. The technical evaluation has mainly focused on the energetic and plant aspects, while the economic assessment was directed to defining the cost effectiveness criteria [Net Present Value (NPV), Internal Rate of Return (IRR), Payback Period] that can measure the profitability of the investment. In the economic evaluation we also included the national public incentives, designed to encourage the production of energy from renewable sources in compliance with the international agreements signed by Italy for the reduction of greenhouse gases (GHGs).
Introduction
The energy market is experiencing profound changes as a result of the liberalization process, the tensions in the oil markets and the impulse given to the production of energy from renewable sources. In particular, the actions and the emission reduction obligations entered into force with Italy's ratification of the Kyoto Protocol (the implementation of which should have ended in 2012) are expected to continue until 2020 without major changes; this is the outcome of the last climate summit held in Doha, Qatar, which gave birth to the second phase, known as Kyoto 2, in view of an international agreement for 2020.
The forecasts proposed in the last report, "OECD Environmental Outlook to 2050" [1] point out an 80% increase in energy consumption by 2050; the expected population growth from seven billion to nine billion, combined with the quadrupling of global gross domestic product (GDP), will result in an increased energy use and a rise in CO 2 concentration, which is expected to reach 685 ppm by 2050. The consequences of these trends will be mainly reflected in the annual mean temperature that is projected to rise by three to six degrees [1] or by four degrees by the end of the 21st century according to the latest scenarios presented by the World Bank [2] , as compared to the pre-industrial times.
Hence it is crucial to implement proactive policies aimed at improving energy use efficiency, by allocating new and increasingly large areas to alternative and renewable energy sources, reducing pollution and the impact of human activities on the environment.
In the framework of renewable energy sources (RES), biomasses are perhaps the most striking example of growth factor related to the green economy, which tends to combine the return on investment with beneficial impacts in terms of land protection, sustainable management of agroforestry resources, startup of new enterprises in the area, etc. Actually, in contrast to the solar and wind energy investments, which are typically capital intensive, highly profitable and low labor intensive, biomasses, due to their extreme diversification (by sector of origin of the raw material) and their strong link with the territory may generate positive impacts at the local level, in terms of employment, land care and maintenance and optimal use of agro-forestry resources.
The use of biomasses, however, imposes plenty of constraints, such as their temporal availability (biomasses are not available at any time of the year) and the spatial density (biomass production generally involves very large areas). Furthermore, debates over the competition for land use between food and energy crop production have recently heated up at the international level. Actually, the development of energy crops has involved some modifications, with the subsequent change in the use of the soil that instead of supplying food products has become supplier of products destined for energy [3, 4] . Moreover, the installation of biomass-based plants has triggered in some cases social conflicts between the local population and the promoters of biomass-based plants [5] [6] [7] . In fact, the local people's perceived risk to the potential negative impacts on the landscape and the ecological aspects of the area, exceeds the merely economic benefits associated with the installation of biomass-based systems, thus engendering a hostile approach towards biomass-based plants and renewable energy sources, in a more general sense. The term "biomass" designates a wide range of products, ranging from plants and plant materials derived from agriculture, forestry and food industry, to household waste [8, 9] . Over the last few years the use of biomass for energy has become an issue of primary importance, both in the fight against climate change and as a strategy for energy supply security. Currently, biomasses are the main source of renewable energy, so that at the European level they supply 14% of primary energy consumption. In Italy, the total share of renewable energies has increased (from 20% to 22%), and biomasses, in particular, are among the sources that have most contributed to this growth.
The future scenarios point out those biomasses could provide significantly to the production of primary energy. The estimates for 2050 [10, 11] indicate a range between 200 and 470 EJ/year (Exajoules = 10 18 joule).
The use of biomass energy may be an important option both for environmental and economic sustainability, considering that the cost per unit energy of firewood is lower than that of methane [12] . Moreover, the enhancement of biomass could trigger processes of environmental improvement and socio-economic development resulting from the building of micro agro-energy supply chains. This could have multiple impacts at the territorial level (defense of the associated agricultural activities, startup of businesses specialized in the collection and transfer of biomass, new jobs, "active" management of forest areas, etc.), as well as on the economic sectors concerned (agriculture, forestry, industry, etc.).
To ensure highly efficient energy conversion and the sustainable use of biomass, however, it is necessary to use modern equipment and technologies and plan the reasoned use of biomass [13, 14] .
The literature includes different studies and research on the entire agro-energy chain that have addressed the problem from the spatial pattern point of view through the integrated use of decision support systems (DSSs) by Geographic Information Systems [15] [16] [17] [18] [19] . Other research works deal with the problem from a technical-engineering point of view, for the optimization of agricultural machinery and energy conversion plants [20] , from the economic perspective [21] [22] [23] and in terms of environmental impacts [24] [25] [26] .
The applications for the exploitation of the potential energy contained in biomass are diversified and constantly evolving. Currently, the largest energy consuming sectors in Italy are the domestic or industrial heating that make use of individual or network systems (district heating), the production of electricity and of liquid fuels for motor-vehicles. Biomass is, however, a limited resource, so it should be used as efficiently as possible. In order to maximize the mitigation of CO 2 , many authors believe that it is more efficient to use biomass for heating or for combined heat and power rather than for the combined production of biofuels [27, 28] . In particular, district heating is not only more efficient (high ratio of thermal energy produced to biomass energy) compared to other uses, but it also contributes to mitigate the use of fossil fuels for the heating of buildings, which accounts for about one-third of the total energy demand of our country that is mostly met by the use of methane. Part of this demand is met through the use of methane gas that, compared to other fossil fuels, has a reduced environmental impact, as it does not contain sulfur, so it does not produce sulfur dioxide, preventing the so-called "acid rain" pollution. In addition, methane gas is characterized by a CO 2 emission factor that is about 25%-30% less than oil and about 40%-50% less than coal to produce the same amount of energy.
The purpose of the present work is indeed to identify a model for the development of renewable energy chains of high local value added. The setting up of the model requires defining the supply area, as well as carrying out the technical and economic evaluations of the total or partial substitution potential of the energy source. The product resulting from the analysis, if based on the actual energy demand and the real local availability of biomass, represents an objective model, easily transferable to other land areas.
On this basis, the analysis was carried out in the Basilicata region, chosen as pilot area because its percentage of forest cover is in line with the national average. This choice is also related to the fact that in the area under analysis there is no forest-wood system that can ensure the environmental and economic sustainability of wood production.
Therefore, for the purpose of the technical and economic feasibility study, it was decided to implement, at the municipal level, district heating systems powered by the biomass of public forests. The applied reference criterion was the 25% possible substitution of the thermal energy produced from methane.
Materials and Methods
The proposed work is divided into four phases. The first phase concerned the estimate of building heat demand, obtained from official statistics and through the calculation of annual energy requirement (AER). In the second phase, the optimal power of biomass conversion plants was calculated as the ratio of the overall volume of buildings to their energy use. The third phase involved the estimate of the available biomass from the Municipal forests provided with Management Plans. In the last phase, a technical and economic evaluation was proposed so as to indicate the actual cost-effectiveness related to the replacement of methane gas with forestry biomass, through the creation of district heating plants.
Study Context
According to the data published by the Authority for Electricity and Gas (Autorità per l'Energia Elettrica e il Gas, AEEG), the national methane consumption in 2010 amounted to 71,959 million m 3 , that is 7% more than in the previous year. In Basilicata, the methane gas consumption for 2010 amounted to 538.2 million m 3 , showing a substantial increase as compared to the period of 2006-2008. Despite some mismatch between the sources (the main sources are the Ministry of Economic Development and the Authority for Electricity and Gas), the regional consumption by sector shows an increase in natural gas consumption for the domestic sector and a fluctuating trend for the industry, the electricity generation and in the service sector ( Figure 1 ).
Figure 1.
Methane gas consumption by sector in Basilicata. Source: Authority for Electricity and Gas (AEEG), statistical data of natural gas consumption for Italian regions, various years (2011 provisional data).
The rise of natural gas demand is differentiated across the territory because only recently the southern Italy regions have been involved in a gradual development of methane gas distribution networks. The wide geographic variability also reflects two distinct phenomena: on the one hand, different climate patterns, which influence domestic consumption, on the other hand, the different degree of industrial development, which affects the volumes consumed by industries.
In Basilicata region, according to the data released by the Ministry of Economic Development (Ministero dello Sviluppo Economico, MSE), out of 131 municipalities, only six are not supplied with methane gas distribution networks, and the number of users served is 172,442 for a total length of 2395 km of pipelines. . Its economy features a large service sector with an employment rate of 63.2%, followed by the industrial sector with 27.1% and agriculture with 9.5% [29] . Crop production mainly includes cereals, olives and grapes. The per capita GDP recorded in the region in 2011 was €18,639.5, lower than the national average equal to €21,980.9 [30] .
With regards to the geographical aspects, the region of Basilicata is situated in the South of Italy, with 47% of its area covered by mountains, whereas 45% is hilly and 8% is made up of plains. The presence of geomorphologically and climatically diversified environments has favored the development of large woodland areas through the years. The forest cover, mapped by the National Institute of Energy and Environment (Istituto Nazionale Energia e Ambiente, INEA), includes 354,895 ha of forest area with a forest area index of 35.6%; about 11% of the forest area is managed in accordance with the regional regulations on "sustainable management" for a total of 45 forest management plans (FMPs), involving 33 municipal and 12 regional plans.
Estimate of Methane Gas Consumption
The estimate of the building heating requirement was necessary to check the energy consumption of municipalities and hence start up the design of district heating plants. For the intended purpose, we considered only the consumption of methane gas (for heating) in the 33 municipalities with FMPs. The data of energy consumption of methane for heating have been extrapolated from the databases of the Ministry of Economic Development, and were only available for 26 municipalities.
For the remaining ones, a proxy variable was estimated, based on the calculated AER. This needs some input data [31] , including:
1. the residential surface of the built-up area (ba) of the Municipality; 2. the residential surface of the housing clusters (hc); 3. the residential surface of scattered houses (sh); 4. the resident population, divided into ba, hc and sh.
The surface areas were multiplied by a coefficient of 2.7, namely the average height floor (in meters) of individual homes, as provided for by national building legislation; then the residential volume was calculated per housing typology using the following formulae:
where Vba, Vhc, Vsh are the residential built volumes of built-up areas, housing clusters and scattered houses, respectively; A is the total residential area; h is the average height of 2.7 m; Pba, Phc, Psh are the populations living in built-up areas, housing clusters and scattered houses, respectively.
The inferred values were used for the calculation of AER from Equation (4) [32] for the seven Municipalities lacking methane gas consumption data:
where H is the overall heat loss [W/(m 3 °C)]; V is the heated volume (m 3 ); HDD are the degree days
[the degree days are a unit of measurement that indicates the heat requirement of a building in a particular location; they are calculated as the sum, extended to all days of an annual period of conventional heating, of the daily differences (only the positive ones) between the optimal conventional temperature for heated environments (20 °C) and the average daily temperature outside the building. In particular, the whole country has been divided into six climate zones identified on the basis of the degree days and mainly depending on the latitude and altitude that establish the running hours per day and the annual operating period of thermal plants] (°C); Δc is the variation coefficient compared to 20 °C; Hd are the heating days; and λ is the daily heating coefficient. H, defined as the thermal power dispersed per cubic meter assuming a 1 °C temperature difference between inside and outside, is determined by the sum of two terms, namely Ht and Hv.
Ht, namely the specific heat capacity is an index reflecting the building insulation level. The maximum allowed value of Ht (Ht max) varies depending on the municipality in which the property is situated and on a characteristic parameter, called the shape factor, S/V, where V is the volume calculated by measuring its external surfaces; and S is the total area of surfaces, referred to the heated portions of the building (Table 1 ). Since the calculation was extended to an entire municipality rather than to a single house, we assumed a single volume equal to a parallelepiped for each type of housing, of which the shape coefficient (S/V) was calculated. Subsequently, due to the lack of sufficient data to calculate the Ht of each unit, it was decided to calculate the Ht max. The heat loss caused by ventilation (Hv) measures the heat loss by fresh air supply and was calculated as the product of the number n of air changes per hour times the heat loss rate from buildings, established by the regulations in force, equal to 0.35 W/(m 3 °C). For buildings of category E.1 (buildings used as residences and similar), n is established by national rules to 0.5 and, therefore, the Hv is reported to be 0.175 W/(m 3 °C).
For the calculation of AER and H, it was necessary to identify other parameters, including the degree days. According to the location of the municipality and on the basis of the national legislation in the field of domestic heating [33, 34] , the number of degree-days was determined following the reverse process and considering the climate zone of the municipalities under examination. Based on the altitude range of the municipality and the type of plant, the following values of Hd, λ and Δc were identified and then used for calculating the AER (Table 2) . 
Sizing of Processing Plants
Once the energy values relative to the consumption of municipal methane gas (please note that for seven municipalities only the AER was used for estimating the potential thermal energy demand) were estimated, and considering a conversion factor of 38.1 MJ/m 3 as reported by the Ministry of Economic Development (MSE), the annual requirement of fuel needed to replace 25% of the thermal energy produced by methane gas was determined. [District heating plants need to serve users with high population density and/or high consumption (buildings, schools, public buildings) in order to reduce installation costs and thermal losses in the network. Through a survey conducted by our Research Unit (RU), we analyzed the social and demographic characteristics of the Municipalities concerned and we estimated the percentage of potential users of district heating plants. The survey showed an average degree of substitution of 25% of thermal energy from natural gas that coincides with the consumption of users located in the residential area of the municipalities.] In the case of a chain not perfectly organized [35] both from a logistical and chronological point of view, this would lead to the use of green wood with water contents (WCs) above 30% which would involve a fuel requirement, as calculated by the following formula:
where ARF (t/year) is the annual requirement of fuel (amount of biomass needed to produce the required energy); Energy required is the annual energy requirement (kW h/year), corresponding to 25% of energy from methane gas consumed annually; ɳ is the plant performance (80%); and Hv fw is the heating value of fresh wood (2230 kW/t f.w. with WCs of 45%-50%).
In the case of an organized chain, which includes measures for the use of forest products during cold and rainy periods as well as the curing and storage of the products during summer, this would lead to a change in the initial WCs from 45%-50% to 25%-30% in the month of September, before wood chipping. This procedure allows an increase in the calorific value (about 3700 kW/t, WC = 25%) of the biomass compared to the calorific value of fresh biomass, with a significant decrease (about 30%) of the amount of biomass required to produce the same quantity of energy. In the second case, the annual requirement of fuel needed to replace 25% of the thermal energy produced from methane gas is equal to:
The sizing of the heating systems to be installed in each municipality was related to the volumes to be heated, assuming, for the area under analysis, a required power of 30 W/m 3 [36] . The first step consisted in building a relationship between the AER and the heated volumes, in the 6 municipalities in which the AER had been previously calculated ( The estimate of the built volume has actually allowed for the sizing of plants, assuming the replacement of 25% of the energy currently supplied by methane gas. The results showed very different plant powers, ranging from 250 kW in San Costantino Albanese to 10 MW in Venosa.
Municipal Forests
To characterize the bio-energetic supply, we considered the municipal forests currently provided with FMPs, assuming the recovery of all of forest residues and a maximum of 50% of the annual allowable cut so as to leave the remaining part for normal uses that are largely focused on the firewood market ( Figure 3 ). (A survey conducted by our RU among timber enterprises operating in Basilicata has identified different issues concerning firewood market. In particular, they complained about the poor demand for firewood, high stumpage value, and low supply of forests, too much competition, over-fragmentation and insufficient forest road services; as for the demand side, some recovery in the use of firewood for domestic heating has been recorded over the last few years, although the required quantities are significantly below the supply. In particular, this is reflected in a reduced use of forests and, among these, public forests are the least used. Taking into account the above issues and trends, we have envisaged a 50% maximum utilization of the annual allowable cut, considering this value as being representative and well below the maximum usable value.) Figure 3 . Characterization of bio-energetic supply. Source: elaboration of the RU.
The municipal forests with FMPs are currently 33, of which 85% in the province of Potenza, and covering a total area of 22,614.60 ha. 79% of this area is covered with forests, while the remainder, namely 3942.29 ha, is made up of clearings, roads, streams, rock outcrops, etc. In our study, we considered only 30 municipalities, excluding from the analysis the forest area of three municipalities in which the forest utilization was not provided for.
In order to consider the varying residue supply from different forest formations (in relation to the species and the silvicultural system), the database was reorganized and classified into eight types of forests that are the most representative of the regional context: beech, oak, chestnut, hornbeam, riparian hygrophilous formations, maquis shrubland with holm oak communities, mountain pine forests and Mediterranean pine forests.
As regards the definition of the parameters related to the percentage of residues (branches and treetops), reference was made to the literature relating to similar experiences in national contexts [37] and to the values of bundle and brushwood reported by the stereometric and growth tables built for the Italian forests [38] . These data have been validated by a direct survey conducted in collaboration with some timber harvesting and processing enterprises operating in different regional contexts, resulting in the definition of the parameters shown in Table 3 .
Lastly, for the parameters of volume density used for the conversion of fresh wood into the commercial form, reference was made to what is reported by Giordano [39] , considering these values as being representative of the regional context, thus applicable to the present study ( Table 4) .
The estimated final figure represents the average annual quantity of biomass with 25% WCs potentially derivable from uses of managed woods, and it ranges between 29.24 t/year for the town of Palazzo San Gervasio and 1,542.25 t/year for the Municipality of Forenza (Table 5) . 
The Incentive Scheme: White Certificates and Energy Saving Companies
Rational use of energy has been promoted in Italy since the 1980s. The first incentives concerned the construction industry, agriculture and industry, with capital funding and interest aimed to promote the use of renewable energy sources and reduce energy consumption. Twenty years later a new scheme was enacted by White Certificates (Wc) or Energy Efficiency Credits (EECs) that is regulated and managed by the Authority for Electricity and Gas, while the Energy Market Managing Board (Gestore Mercati Energetici, GME) is entrusted with the management of the EEC market.
The innovation lies in the fact that the promotion of energy efficiency is pursued through a gradual shifting from fossil towards renewable and more environmentally friendly energy sources, promoting energy efficiency by more performing technologies and systems, according to an integrated approach consistent with the development of the liberalized market. The scheme integrates innovative and original elements of tariff and market direct control. The element of direct control concerns above all the energy saving obligations imposed to electricity and gas distribution companies, as well as the activity carried out by the Authority for Electricity and Gas for the certification of savings achieved and the verification of compliances. Tariff regulation concerns the system of aids recognized in the bill to partially cover the costs of energy saving measures. The market-related element, finally, is constituted by the creation of an artificial and regulated market for energy saving, known as "market for energy efficiency credits" or "white certificates," where market participants may trade the EECs.
The demand for EECs is generated by the obligation imposed to electricity and gas distribution companies to "stick" to binding targets of primary energy savings that are to be achieved through energy efficiency measures at the level of final consumers. The national targets are allocated every year by the Authority for Electricity and Gas among electricity and methane gas distributors on the basis of their respective market shares. The proposals are submitted to the above Authority that assesses and certifies the energy savings and authorizes the Energy Market Managing Board to issue the Wc based on the certified savings [for each tons of oil equivalent (TOE) saved, one Wc is issued for a period of five years]. As an alternative to carry out their own energy saving measures at the level of final consumers, the "obliged" distributors (i.e., those who supply a number of customers above 50,000 units) may opt to satisfy their obligations by purchasing, in whole or in part, EECs by other parties that represent the side of the supply of credits or certificates, including smaller distributors who are not subject to the obligations, companies monitored by electricity and methane gas distributors and companies operating in the field of energy services [Energy Service Companies (ESCO)]. The EECs may be sold either by bilateral contracts or on an organized market managed by the GME on the basis of specified and transparent rules established in agreement with the Authority for Electricity and Gas.
The white certificate scheme identifies three methods for the evaluation of the proposals:
• standardized assessment methods, whose savings associated with the procedure are determined on the basis of the number of physical reference units (PRUs) involved in the proposed intervention; • analytical evaluation methods that quantify the energy savings on the basis of a specific algorithm for each type of intervention; • ex-post evaluation methods applied to the proposals that include heterogeneous interventions in relation to the evaluation method and to which the above methods are not applicable.
The recognition of energy efficiency certificates by the Authority for Electricity and Gas (AEEG) requires the achievement of a minimum level of energy savings, as reported in Table 6 . Depending on the type of energy saving, we can have four types of recognized certificates:
• type I: certifying the achievement of primary energy savings through a reduction of power consumption; • type II: certifying the achievement of primary energy savings through a reduction of natural gas consumption; • type III: certifying the achievement of savings of primary energy forms other than electricity and natural gas not intended for use in motor vehicles; • type IV: certifying the achievement of savings of primary energy forms other than electricity and natural gas intended for use in motor vehicles.
As this paper envisages the setting up of district heating systems to replace the thermal energy produced from methane gas, there is the possibility of access to type II certificates, assessed by analytical methodology.
As mentioned previously, only the obliged and non-obliged entities operating in energy services can access the white certificate scheme; in our specific case, for having access to this market it has been suggested to set up ESCO companies in public-private partnership, for each municipality under examination. The setting up of this type of company could represent a valuable tool of long-term territorial energy planning. In particular, the advantages of public bodies' involvement include the energy planning of their territory and the long-term management of action plans that would be integrated into the political and business local system; moreover, the presence of the public component in ESCO companies can ensure the fair distribution of the economic and social benefits resulting from the implementation of biomass-based plants. The main advantages for the population may be summarized as follows:
1. more employment, associated with energy production-related activities (cut, harvest, logging, transportation, operation of the system, etc.); 2. reduction of energy costs, with regards to energy supply for housing.
On the other hand, the private sector participation in the ESCO could compensate for the lack of adequate skills and insufficient equipment and financial asset resources needed to run major investment plans in the area that, in this case, actually involve the setting up of district heating plants.
In a recent study [40] , carried out in 38 countries, a positive correlation was found between the ESCO indicators (age of ESCO market, number of ESCO companies, total value of ESCO projects and the percentage of the sectors targeted by ESCOs) and socioeconomic indicators (countries per-capita GDPs, energy consumptions and CO 2 emissions). Moreover, in richer countries, ESCOs find more opportunities in the commercial and municipal sectors [40] .
Results

Technical Evaluation
After estimating the annual fuel requirements and the plant power required to meet the energy needs of each municipality, the next step was to assess the possible replacement of methane energy source with forest biomass.
The results of the analysis have shown how the poor supply of biomass obtainable from the management of public forests in some municipalities and the reduced natural gas consumption in others, constitute the two limiting factors for the development of district heating systems. In fact, it results that in only 50% of the examined municipalities, the replacement of the energy source is feasible (Table 7) . Table 7 . Availability and evaluation of forest biomass energy (in gray the municipalities for which the AER was calculated, because the natural gas consumption data were not available). Source: elaboration of the RU. 
Economic Evaluation
Once established the energy feasibility, meant as the availability of the biomass obtainable from managed forest areas to replace part of methane gas, the economic viability of the investment was evaluated. For the cost analysis, considering the large number of cases and the technological and system types currently available on the market, reference was made both to the estimates provided by some companies operating in the sector and some bibliographic data [36, 41] that were then interpolated so as to obtain the unit investment costs of the thermal plant and of the district heating network. This was integrated by the annual management cost, estimated in proportion to the size and equal to 3% of the plant cost; unit costs take account of mechanical and electrical equipment, including the installation. For the machinery room the estimated average costs were, respectively, €40,000 for biomass plants with a power exceeding 500 kW and €30,000 for the others, because the cost of the latter is highly dependent on the volume and type of applied material (Table 8) . Regarding the cost of the fuel, we considered the costs for the processing stages in the forest, for transportation and chipping. These costs have been estimated to €9/t for chipping, €11/t for in-forest practices (cut, preparation and logging) and €8/t for transportation. The above data represent the averaged observations made by the RU across the regional territory. Finally, considering that the public institution, owner of the forests, might be involved in the ESCO companies, we could presumably exclude the stumpage charges from our assessment of costs. This can be justified by the creation of new business opportunities, new jobs and new local value added, in addition to the savings in energy bills. Additional benefits may be derived from the revenues obtained by the ESCO that could benefit the entire local community.
Once the total costs were obtained, the price of Break Even Point (the point at which cost or expenses and revenue are equal) was estimated as the selling price of the energy produced from forest biomass, at which the discounted total revenues and discounted total costs are equal. In this way it was possible to identify the difference between the price of the thermal energy produced from forest biomass and the price of thermal energy produced from methane gas. Because of the considerable differences in investment costs of plants in different cases, the price of Break Even Point of the thermal energy produced from forest biomass varies from a minimum of €31/MW ht to a maximum of €119/MW ht. Compared to the price of €80/MW ht of methane gas, it is evident that the difference, and therefore the economic viability of substitution, is largely dependent on the installation costs (biomass power plant and district heating network). In fact, a breakdown of the costs, shown in Table 8 , indicates higher unit costs for low power plants compared to more powerful plants.
The economic evaluation of the investment was conducted making use of the major economic indicators, namely Net Present Value (NPV), Internal Rate of Return (IRR) and Payback Period applying the criterion of the discounted cash flow (DCF), based on the discounting of cash flow and assuming the lifetime of the power plant is 20 years. In view of the high number of plant types and the resulting wide range of Break Even Point prices of thermal energy produced from biomass, the reference selling price was taken to €95/MW ht assuming also the access to the market of EECs. Based on the information contained in the databases of the AEEG, the above credits were evaluated at an average price of €86.98/toe, which corresponds to a value per MW h equal to €7.48. From the energy selling price we may also deduct a tax credit equal to €25.82/MW h, as provided for in the national legislation; this would result in a consumer energy price of €69.18/MW ht.
It is also assumed that users can gradually get connected to district heating plants in the first four years, considering that in the first year only public structures are served [35] . Based on a survey carried out by our RU on the average consumption of electricity by public users, it resulted that such consumption is, on average, equivalent to 30% of the thermal energy produced from biomass. The estimated distribution of energy in the first 4 years is reported in Table 9 . Before carrying out the economic evaluation, it was necessary to choose the discount rate to be applied, which is largely influenced by the goals and the financial conditions of the investor, as well as the estimated level of risk of the initiative, etc.
In our analysis a discount rate of 5% was applied, taking into account the above factors and assuming a loan of seven years at a real interest rate of 4.2% (on the basis of information provided by the Loan and Deposit Bank).
The NPV analysis was conducted using the formula below:
where FC ki is the flow at year k i obtained from revenues minus costs; k is the length of the project in years; r is the capital cost.
In parallel we also calculated the IRR on investment, namely the discount rate for which the equation is satisfied:
where R ki are the revenues at year k; C ki are the costs at year k; r is the capital cost; k is the length of the project in years. Finally, we calculated the Payback Period, i.e., the time which actually defines the level of risk of an investment, because it measures the time within which the proceeds achieved through the investment can restore the capital employed. In fact, the impossibility of a rapid restoration of the invested capital can induce the investor, even in the presence of positive NPV, to stop the project. It is clear that the payback period does not measure the risk of a given investment, but only the length of exposure to the capital risk. The Payback Period is expressed in years and is obtained by the formula:
where the initial investment is given by the ratio of the total cost (letter D, Table 10 ) to the revenues, obtained by adding the annual energy revenues (L) and the revenues of white certificates distributed over twenty years (M/20), and subtracting the management costs (G) and the cost for the supply of wood chips (F). The results of the economic evaluation reported in Table 10 show that out of a total of 33 initial municipalities, the implementation of district heating plants powered by biomass produced from the management of public forests is technically and economically viable in 13 municipalities. For these municipalities the results of the economic analysis show positive values both in terms of NPV and IRR, with Payback Periods between three and eleven years.
Conclusions
International conventions on research and climate protection have induced several countries to commit themselves to reduce emissions of greenhouse gases by encouraging, inter alia, the use of renewable energy. In this context, a strategic priority is the use of multiple sources of energy, potentially available in the area, along with the decentralization of production and the development of small networks of local users. At the national level, due to the wide availability of forest land, a viable alternative to fossil fuels could be represented by the biomass that enables the achievement of a twofold objective: the enhancement of local resources (raw materials and labor) and savings in energy costs for families and public bodies. This would ensure positive social and economic outcomes for local communities.
Biomass is a renewable source of energy, whose main peculiarity is its intrinsic link with the territory, as it is available and widespread everywhere, obviously to varying extents and with different characteristics. Thanks to its versatility, many conversion technologies that can produce as many final forms of energy may be applied. This clearly indicates the need to build up a sound agro-energetic chain and choose, at the same time, the most efficient systems of energy production from biomass. In fact, a correct use of biomass involves coherent planning actions combined with adequate technical know-how in the energy field. It is extremely useful to assess, on the other hand, the negative aspects associated with biomasses, such as the competition for land use between energy production and food production, the social rejection of biomass-based systems and the local population's perceived risks relating to health, environment and landscape. These concerns may often cause social conflicts between the concerned parties. Therefore, information, education and training, combined with public consultation initiatives, might offer more guarantees among all concerned parties both for environmental and more strictly economic issues.
In our specific case, based on the comparison of thermal energy demand and biomass energy supply, we tested the possibility to substitute methane gas for heating with thermal energy from biomass; the results have shown how the feasibility of this replacement in both energy and economic terms depends, respectively, on the biomass availability and investment costs.
More specifically, as to energy, the availability of biomass in the area is of primary importance, as it represents the distinctive element of the supply chain. In fact, the use of off-site biomass (i.e., biomass supplied by external areas) would only increase the negative externalities of the investment with uneconomic impacts related to transportation (costs and energy); so the analysis excluded all the municipalities that did not have an FMPs, as well as the Municipalities that, despite the presence of managed forest lands, showed quantities of potential biomass well below the minimum amounts required to ensure the goals of energy sustainability related to the substitution of methane gas.
From the economic point of view, however, the analysis has highlighted how the higher unit costs that characterize small-power plants make their implementation inefficient. To this end, the tax credit provided by the current national legislation and the new incentives on the production of thermal energy from renewable sources and on energy efficiency could give significant impetus to expand the market of thermal energy from renewable sources.
The proposed model shows a possible strategy for the use of biomass tailored to the characteristics of the territory, in terms of energy demand and actual supply of biomass. A limitation to the application of this model is constituted, however, by the inability to correctly identify the transformation center and the subsequent inaccuracy in defining the size of district heating networks. This would result in a variation of plant implementation costs, either their reduction or increase. For this purpose, it would be necessary to carry out a more detailed analysis, focusing on each geographical area with a view to properly siting the transformation center and sizing more accurately the district heating network based on site-specific needs.
